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Description 

This invention relates to polyvinyl butyral (PVB) resin and more particulariy to (i) selectively cross-linked 
PVB. (II) a plastlclzed sheet formed thereform and (lii) methods of forming such resin and sheet. 

Plasticlzed PVB sheet Is very well known as an Intennedlate for use with glass or plastic panels (hereinafter 
called "laminating panels") In laminated safety glass assemblies. It is also well known that the high temperature 
modulus properties of such a sheet and of the PVB resin from which it is made must be closely controlled for 
optimum performance. For example, rf the resin is too stiff, the power required to melt and extrude it Into sheet 
fomn may be excessive or the resulting sheet may be difficult to handle and may not provide a quality laminate 
during preparation of the safety glass assemblies. More specifically, when the sheet is too stiff, visually appa- 
rent, undesirable air bubbles can appear In the finished laminate. On the other hand, during lamination at the 
usual, relatively high (e.g. ca. iga^C) temperatures, it is important that the PVB flow adequately to collapse 
the sheet and fill the space between the two laminating panels, but not ^ much as to flow out the edges of the 
laminate which can occur if the modulus of the sheet is too low. In the past, such a delicate matching of the 
high temperature properties of the sheet to the laminating conditions has frequently not been possible with the 
result that the laminating operating conditions had to be inconveniently continuously adapted to the properties 
of the particular sheet being laminated. To the best of present knowledge, a means to control the high tem- 
perature properties of a plasticized PVB sheet has not been available In the past to one of ordinary skill in the 
art 

EP-A-018 6645 (not published at the date of the present application but claiming two priority dates of 21st 
December, 1984) describes polyvinyl butyral lightly cross-linked through Intemnolecular linkages developed 
through the hydratedform of formaldehyde. The polyvinylbutyral is useful for making Interiayer sheet for lami- 
nated glass, the light cross-linking affording a means of controlling surface roughness of the interiayer sheet. 

US-A-3,658,745 describes an acetalated cross-linked hydrogel capable of Imbibing water and micro- 
molecular water solutes and excluding macromolecular water solutes by the process of swelling upon cooling 
prepared by reacting a polymer containing a plurality of near neighbour hydroxyl groups or containing hydroxyl 
groups and ether groups, a monoaldehyde and a dialdehyde, the reagents being initially in a state of homo- 
geneous aqueous solution. 

US-A-3,597,313 describes resins for imparting wet-strength to paper, made by copolymerising an unsatu- 
rated aliphatic alcoholic monomer with one or more cattonic mononners to provide a cattonic polymer and react- 
ing the cationic polymer v\nth a polyaidehyde. 

SUMMARY OF THE INVENTION 

Now improvements have been made in the manufacture of PVB resin and sheet made therefrom which 
minimize or overcome the aforementioned shortcomings of the prior art. 

Accordingly, it is a principal object of this invention to tailor the high temperature modulus of PVB sheet to 
accommodate various laminating conditions by Incrementally selectively Increasing the molecular weight of the 
PVB resin. 

Another object Is to achieve such PVB molecular weight increase by cross-linking two PVOH chains during 
or Just before the acetalization reaction forming the PVB resin. 

Other objects of this invention will in part be obvious and wOl in part appear from the following description 
and claims. 

The polyvinylbutyral of the Invention, and sheet made therefrom, are cross-linked through stable inter- 
molecular diacetal linkages developed through an aldehyde containing at least two aldehyde groups, charac- 
terised in that the extent of crosslinking is adequate to increase the viscosity of the polyvinyl butyral by about 
2% to about 85% over its viscosity in the absence of such linkages. Stable intermolecular linkages are defrned 
herein as those which, once formed in the PVB, are sufficiently stable as to survive the sheet-shaping process, 
warehouse storage and the laminating process. Such stable linkages are preferably diacetal linkages 
developed through an aldehyde containing at least two aldehyde groups. 

The invention also comprises a process for Increasing the viscosity of polyvinyl butyral which comprises 
having an aldehyde containing at least two aldehyde groups present as cross-linking agent before or during 
acetalization of polyvinyl alcohol with butyraldehyde to cross-link the acefalized product through adjacent 
polyvinyl alcohol chains, characterised in that the crosslinking agent is present at a concentration of about 
0.0005 to about 0.20 parts per hundred parts of polyvinyl alcohol. 

Also included in the invention is a method of forming polyvinyl butyral sheet which comprises : 

a. acetalizing polyvinyl alcohol with butyraldehyde in the presence of an aldehyde containing at least two 

aldehyde groups as cross-linking agent to produce polyvinyl butyral resin cross-link d through stable inter- 



EP 0 211 818 B1 



molecular linkages, wherein the crossjinldng agent is present at a concentration of about 0.0005 to about 
0.20 parts per hundred parts of polyvinyl alcohol. 

b. mixing said resin with plastictzer and other optional additives to fonm an extrusion fonmulation ; and 

c. extruding said fonmulation in melt form through an extnjsion opening to fomi said sheet. 

5 The preferred cross-linl<ing agents are the dtaldehydes glutaraldehyde, 4,4{ethylenedtoxy)dibenzatdehyde 

and 2-hydroxyhexanedial. 

DETAILED DESCRIPTION OF PREFERRED EI^^BODIMENTS 

10 The PVB lightly cross-linked through diacetal Intermolecuiar linkages has the following fomiula fora section 
of polymer chain when employing glutaraldehyde as the cross-linking agent : 

-CH-^ - CH - CH^ - CH - CH^ - CH - CH^ - CH - CK^ - CH- 




I I 

-CH^ - CH • CH2 - CH - CH^ - CH - CH^ - CH - CH^ - CH- 



30 



35 




OH 



40 As depicted above, the PVB portion of the structure, present at a level of 65-95 weight % of vinyl butyral 

units in the polymer, is formed through reaction of bu^raldehyde with two adjacent hydroxyl groups on the same 
PVOH chain. The intermolecuiar cross-linkages (dlacetal cross-links) are formed through reaction of one active 
group of the cross-linking agent (aldehyde) with a pair of adjacent OH groups on one PVOH chain and another 
active group (also aldehyde) with such a pair of OH's on an adjacent, neighboring chain. By such cross-linking, 

45 the PVB molecular weight Is conveniently Increased In that one cross-iink tying together two chains provides 
the same molecular weight as if two equivalent PVB chains were linked together end to end. The latter is thought 
to require a difficult synthesis of special, high molecular weight PVOIfs and polyvinyl acetate precursors. Yet 
because such cross-lmking Is light (to be later defined) and does not join all PVB chains in this manner, some 
chains being uncross-linked and In the form of conventional PVB polymer units, the molecular weight distribu- 

50 tion of the PVB is desirably increased. 

In the present invention, as far as the chemical reaction of a cross-linking agent with polyvinyl alcohol to 
produce intermolecuiar linkages is concerned, there are no limitations on the choice of the cross-linking agent 
as long as it contains at least two aldehyde groups capable of interacting with a pair of hydroxyl groups on each 
of two neighboring PVOH molecular chains to fonm stable Intermolecuiar linkages whk:h are retained through 

55 the melting and extruding operation employed in forming plasticized PVB sheet and the subsequent storage 
and laminating of such sheet to form safety glass assemblies, (ntra-acetal linkages occun'ng through hydroxy! 
groups on the same PVB chain are representative of unstable linkages considered to rupture during sheet-shap- 
ing or laminating and, if xdusively the means through which cross-linking occurs, are not considered part of 
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the present invention. Operable cross-linking agents are aldehydes containing at least two CHO groups such 
as dialdehydes, trialdehydes and the like. The preferred cross-linking agents are dialdehydes, for example, 
oxafdehyde and the more complex d]aldehydes,.and trialdehydes containing alipthatic (with or without unsatu- 
ration), aromatic or mixed aliphatic/ aromatic groups between carbonyl linkag s of the CHO groups. Specific 

5 functional dialdehydes include aliphatic dialdehydes such as propanedial, succinaidehyde, adipatdehyde. 2- 
hydroxyhexanedial, etc. ; . aromatic dialdehydes Include phthalaldehyde, 1 »4,benzenediacetaldehyde, 
4,4(ethyIenedloxy) dibenzaldehyde, 2,6-napthalene dlcarbaldehyde, etc. Operable trialdehydes Include 
N,N',N"-(3,3',3''-) trisfonmylethyl) isocyanurate and the like. Mixtures of the foregoing and other cross-linking 
agents are also suitable. Preferred dialdehydes are selected from the group consisting of glutaraldehyde, 4,4' 

10 (ethylenedioxy) dibenzaldehyde and 2-hydroxyhexanediaI. The most preferred dialdehyde is glutaraldehyde. 

The level of cross-linking should not be so low as to provide no effect on the resulting sheet properties in 
comparison with sheet made from uncrosslinked PVB but, on the other hand, it should not be so high as to 
adversely affect sheet properties. For example, at too high a cross-link level the sheet will be too stiff and most 
likely wfll perfonm poorly during handling and laminating. The concentration of cross-linking agent should be 

15 adequate to lightiy cross-link the PVB resin, by which is meant that the viscosity of such cross-linked resin Is 
about 2% to about 85% greater than'such viscosity In the absence of the cross-linkages. As will be apparent, 
the high temperature properties of a plasticized sheet formed from such a lightly cross-linked PVB resin can 
be conveniently selectively controlled by the extent of cross-linking or, in other words, by the amount of cross- 
linking agent available to develop such cross-links. To achieve the viscosity percentage increases stated, the 

20 viscosity of the lightly cross-linked PVB resin (7.5 weight % solution In methanol at 20'*C.) will be t>etween about 
90 cps (0.09 Pa ' s) to about 325 cps (0.325 Pa • s) and preferably between about 150-260 cps (0.150-0.260 
Pa • s). The concentration of cross-linking agent to provide these cross-linked PVB viscosities will broadly vary 
with the moiecularwelghtof tie cross-linking agent used, the higher the molecular weight of cross-linking agent, 
the greater the amount required. For the preferred di and trialdehydes, the concentration should be between 

25 about 0.0005 to about 0.20 and preferably 0,01 to 0.04 parts per hundred parts of PVOH. 

PVOH's useful in this invention are products of the acid or base catalyzed hydrolysis of a polyvinyl ester 
(usually polyvinyl acetate) which are suitable for the production of PVB resin by condensation with butyral- 
dehyde. Such PVOH's comprise products of a substantially complete as well as Incomplete hydrolysis, the latter 
including those where hydrolysis Is purposely stopped short of completion. PVB resin made from such products 

30 of incomplete hydrolysis differ in the residual content of polyvinyl ester. Useful PVOH's can contain residues 
of unhydrolyzed vinyl ester in their molecules in amounts up to 5% by weight (calculated as polyvinyl acetate) 
although amounts on the order of at>out 0 to 2.5% by weight of polyvinyl acetate are preferred when the PVB 
resin is to be used in making Interiayer sheeting for safety glass. 

Lightly cross-linked PVB resin Is produced according to this Invention by known aqueous or solvent acetali- 

35 zation processes wherein the PVOH hydrolysis product is reacted with butyraldehyde in the presence of an 
acid catalyst to produce PVB, followed by neutralization of the catalyst, separation, stabilization and drying of 
the PVB resin. The cross-linking reaction occurs substantially in conjunction with formation of the PVB resin 
In this reaction. Depending on its rate of reaction, the cross-linking agent Is added to the catalyzed condensation 
reaction mbcture before or simultaneously with the butyraldehyde. In a solvent system, the sequence of addition 

40 may be somewhat different ; for example, It may be necessary to add the cross-linking agent after the PVB is 
in solution. 

In a solvent process, acetalization is carried out in the presence of sufficient solvent to dissolve the PVB 
fomned and produce a homogeneous solution at the end of acetalization. The PVB is separated from solution 
by precipitation of solid particles wiUi water which are then washed and dried. Solvents used are lower aliphatic 

45 alcohols such as ethanot. 

In an aqueous process, acetalization is carried out by adding t>utyraldehyde to a water solution of PVOH 
at a temperature on the order of about 20'*C., in the presence of an acid catalyst, agitating the mbcture to cause 
an intermediate PVB to precipitate in finely divkJed fonm and continuing the agitation while heating until the reac- 
tion mixture has proceeded to the desired end point. 

50 The lightiy cross-linked PVB resins of the invention have Staudinger molecular weights ranging from about 

30,000 to 600,000 and preferably from 45,000 to 270,000 and may be considered to be made up on a weight 
basis, of from 5 to 30% hydroxyl groups, calculated as polyvinyl alcohol, 0 to 5% ester groups, calculated as 
polyvinyl ester, and the balance substantially butyral groups. The PVB resin preferably contains, on a weight 
basis, from 11 to 25% hydroxyl groups, calculated as polyvinyl alcohol, and from 0 to 2.5% acetate groups, 

55 calculated as polyvinyl acetate, the balance being substantially butyral groups. The extent of PVB cross-linking 
in the present invention is so light that the effect on the hydroxyl content of tiie PVB presentiy cannot be 
measured. 

In forming the extruded interiayer sheet, th lightiy cross-linked PVB resin must be plastteized wiUi from 

4 
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about 20 to 80 parts plasticlzer per hundred parts of resin and more connnrionly between 25 and 45 parts for 
conventional laminated safety glass use. This latter concentration Is generally used with polyvinyl butyrals con- 
taining 17 to 25% vinyl alcohol by weight In general, plasticlzers commonly employed are esters of a polybasic 
add or a polyhydrlc alcohol. Particularly suitable plasUcizers are triethylene glycol di-(2*ethyt butyrate). dihexyl 

5 adipate, dioctyt adipate, mixtures of heptyl and nonyl adipates. dibutyl sebacate. polymeric plasticlzers such 
as the oiUmodified sebadd alkyds, and mixtures of phosphates and adipates such as are disdosed in U.S. No. 
3.841,890 and adipates and alkyi benzyl phthalates such as disclosed in U.S. No. 4,144,217. Other suitable 
plasticlzers are well known or will be obvious to those skilled in the art 

The extruded interiayer formed from plasticized, lightly cross-linked PVB resin according to this invention 

10 can be prepared by extrusion through a sheeting die. i.e. forcing molten plasticized PVB through a horizontally 
long, verttcally narrow die opening sut>stanttaliy conforming In length and width to that of the sheet being fonned 
therein or by casting molten polymer issuing from an extrusion die onto a spedally prepared surface of a die 
roll positioned in close proximity to the exit of such die which Imparts the desired surface characteristics to one 
side of the molten polymer. Thus, when the surface of such roll has minute peaks and valleys, sheet formed 

iS of polymer cast thereon will have a rough surface on the side which contacts the roll which generally conforms 
respectively to the valleys and peaks of tiie roll surface. Further details of construction of such a die roll are 
disclosed in U.S. No, 4.035,549, col. 3, line 46 through col. 4, line 44, the content of which is incorporated herein 
by reference. 

A rough surface on the other side of the extruded Interiayer formed In a die roll extrusion system can be 
20 provided by the design of the die opening through which the extrudate passes. Such a die opening configuration 
Is generally shown in Fig. 4 of U.S. No. 4.281 ,980. the content of such figure being Incorporated herein by refer- 
ence. When the outemnost end portion of die lip 5 in such figure in the direction of extrusion is parallel with a 
tangent to the surface of the opposing rotating die roll, and the remaining reaiward portion of such lip is at an 
angle of between about 2 to 7 degrees with such tangent, a rough suriface will automatically be generated on 
25 the side of tiie extruded interiayer which is opposite to that formed by the die roll surface. 

In addition to plasticlzers, interiayers according to this invention may contain other additives such as dyes, 
ultraviolet light stabilizers, antioxidants, salts to control adhesion and may, if desired, be treated with additives 
to improve laminating efficiency. 

The following procedures were used in obtaining the values for the various properties presented herein : 
30 Me\i or complex viscosity of the plastidzed, ilghtiy cross-linked PVB with a Rheomefcric Mechanical Spec- 

trometer at a frequency of 1 hertz. The sample was placed between two parallel plates oscillating at such fre- 
quency. 

Viscosity by a capillary tube viscometer - Cannon Fenske # 400. 

The invention is further described witii reference to the following Examples which are for illustration only 
35 and are not Intended to Imply any limitation or restriction on the invention. Unless otherwise indicated, all quan- 
tities are expressed by weight 

EXAMPLES 1-3 

40 Polyvinyl alcohol (PVOH) resin having a residual polyvinyl acetate content of less than 2% was dlssoh^ed 

with agitation in water at 90-95'C. to form an 8% solution ; 1250 g of this PVOH solution (100 g of PVOH) was 
charged to an agitated fluted reactor and its temperature adjusted to 18**C. To tiiis solution was added 70.86 
g of butyraldehyde and various amounts (See Table 1 following) of a 50% aqueous solution of glutaraldehyde 
which decreased tiie temperature to about 1 e^'C. 5.7 ml of a 35% water solution of nitric acid was then charged 

45 and the mixture held for 22-24 minutes at between 16 and 20«»C and then heated over 20-30 minutes to 75*0 
and held tiiereat for 2.5 h. The contents of the reactor was washed with water at 75''C to a pH of 4.0. Potassium 
hydroxWe water solution was then charged to provide a pH of 9.5-10.5 and the contents held at this pH for 1 .5 
h at 75*»C. Additional water at 75°C was then added to decrease tite pH to 7.5. The PVB slurry was centrifuged 
and dried to less than 2% moisture. The viscosity of tiie dried PVB resin was measured and tiie following results 

so were obtained : 



55 
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TABLE 1 
Glutaraldehyde 

^ Ex. charged (q) PVB viscosity (cpsXPa.s) 

1 0 (175)(0,175) 

2 0.06 (215)(0.215) 
^0 3 0.12 (310)(0.310) 

The foregoing results in Table 1 illustrate the preparation of PVB lightly cross-linked through diacetal inter- 
molecular linkages achieved through the presence of glutaraldehyde at 0.06 and 0.12 parts per hundred parts 
15 of PVOH as the cross-linking agent in the acetalization of PVOH with butyraldehyde. That cross-linking occunred 
is shown by the 23% and 77% Increases in the viscosity of the PVB occurring when the minor amount of glutaral- 
dehyde was used in Examples 2 and 3 in comparison with that of control Example 1. 

EXAMPLES 4 and 5 

20 

These examples illustrate preparation of a plasticized sheet made from the lightly cross-linked PVB of 
Example 2. 

32 parts of dihexyl adipate plasticizer were mixed with 1 00 parts of the cross-linked PVB resin of Example 
2 in a high intensity mbcer. The plasticb:ed PVB resin was then melted in an extruder and forced in melt fonm 

25 through a die opening onto the surface of an adjacent rotating die roll of tfie type previously described which 
had internal cooling means which regulated the temperature of a die blade in contact with the polymer melt at 
104^C. The melt was at 190°C and the pressure of the die was 350400 psl (2415-2756 kPa). The extruded 
sheet had a thickness of about 30 mils (0.76 mm) and issued from the die roll at about 457cm per minute. The 
die lip of the die opening as previously described was fomied with a compression angle of about 4 degrees. 

30 Each side of the extruded sheet was fomned with a rough surface. The melt viscosity of the plasticized cross- 
linked PVB resin (Example 5) was measured and compared witii a control (Example 4) and the following results 
were obtained : 



35 TABLE 2 

Melt viscosity 
Example PVB (Pa>s) @ 120*>C> 

4 control (0.232) (10^) 

5 cross- (0.706)(10=') 
linked 

The foregoing results In Table 2 DIustrate preparation of plasticb^ed PVB sheet lightiy crosslinked through 
45 diacetat intermolecular linkages achieved through the presence of glutaraldehyde as the cross-linking agent 
In forming tiie PVB from whksh the sheet was formed. That tiie cross-links survived ttie extrusion operation in 
fomiing the sheet from the melt is shown by the increased melt viscosity levels obtained with the cross-linked 
PVB (Example 5) in comparison with the uncross-linked control (Example 4). 

60 EXAMPLE 6 

This Bcample illustrates preparation of a lightiy cross-linked PVB using a dialdehyde containing a mbcture 
of aliphatic and aromatic groups between the carbonyl end groups of the dialdehyde. 

The PVOH solution used in Example 1 was charged to the reactor of Example 1 and 33 ml. of nitric add 
55 (35% aqueous) and 0.17 g of 4,4' (ethylenedioxy) dibenzaldehyde, i.e. 
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40 



45 



50 
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OCH 4^ yy OCH^-CH^ -0- ^/_3 -CH0 



5 added thereto. This dialdehyde was obtained commercially from Aldrich Chemical Company of M3 waukee. Wis. 
The reaction mixture was healed to 90°C. over 40 min. and held at 9(yC. for 40 min. The solution was then 
cooled to 20°C. and 67.8 g of butyraldehyde was quickly added with agitatton. The reaction mixture was held 
at this temperature for 40 min. and then heated to 75''C. over a period of 20 min. The remaining conditions and 
treatment of the resulting product were Identical to those described in Examples 1-3. The viscosity of the lightly 

10 cross-linked PVB resin obtained was 220 cps (0.220 Pa • s which is about 26% greater than that of the uncross- 
linked control of Example 1. The sequential cross-linking of the PVOH followed by acetalization with butyral- 
dehyde was necessary because of the reduced reactivity of the larger, bulkier dialdehyde of this Example. It 
is believed that a plasticized PVB sheet could be formed firom this cross-linked PVB by following the procedure 
of Example 5. 



EXAMPI-E7 



This Example illustrates preparation of a lightly cross-linked PVB using a long chain aliphatic dialdehyde 
containing a substituted hydroxy! between carbonyl end groups of the dialdehyde. 
20 The procedure of Example 6 was repeated except that 0.33 g of a 25% aqueous solution of 2-hyd- 

roxyhexanedial from Aldrich Chemical Co. i.e. 

OHC - CHOH-CH2-CH2-CH2-CHO 

25 

was added to the PVOH-nltric add mixture Instead of the dialdehyde used In Example 6. The reaction mixture 
was held at 90**C. for 30 min. before cooling to 20*'C. Butyraldehyde (67.8 g) was then added as in Example 6 
and the reaction mixture held at 20°C. for 52 min before heating to 75*'C. The remaining reaction conditions 
and treatment of the resulting product were Identical to those described In Example 6. The viscosity of the cross- 
30 linked PVB resin obtained was 31 8 cps (0.318 Pa • s which is about 82% greater than that of the uncross-linked 
control of Example 1. It Is believed that a plasticized PVB sheet could be fonned from this cross-linked PVB 
by following the procedure of Example 5. 



EXAMPLE 8 



This Example Illustrates preparatton of a cross-linked PVB using a trialdehyde as the agent cross-linking 
the intenmolecular PVOH chains. 

The procedure of Example 6 was repeated except that 0.36 g of a 50% aqueous solution of N.N'.N"- 
(3,3',3" trisformylethyl) isocyanate prepared according to U.S. Patent No. 4,293,693, i.e. 




(CH2)2CHO 

was added to the PVOH-nitric acid mixture instead of the dialdehyde used in Example 7. The remaining pro- 
cedure, temperatures and amounts of constituents were identical to Example 6. The viscosity of the PVB resin 
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obtained was 300.5 cps (0.3005 Pa • s which is about 72% greater than that of the uncross-I inked control of 
Example 1. It is believed that a plasti'cized PVB sheet could be formed from this lightly cross-linked PVB by 
following the procedure of Example 5. 

5 EXAMPLE 9 

The procedure of Example 1 was repeated except that i) the PVOH was initially dissolved in water at 105°C 
and to the solution was added 62.1 g of butyraldehyde and 0.01 8 g of a 50% aqueous solution of glutaraldehyde, 
») after addition of the nitric add catalyst the mbcture was heated to 85''C and held at this temperature for 4 h 
10 and III) after addition of potassium hydroxide, the PVB slurrey was held at SS^'C for 1.5 h. The viscosity of the 
dried PVB resCn obtained was 288 cps or 0.288 Pa • s. 

The preceding description is set forth for purposes of illustration only and Is not to be taken in a limited 
sense. Various modifioations and alterations will be readily suggested to persons skilled In the art. It Is intended, 
therefore, that the foregoing be considered as exemplaiy only and that the scope of the invention be ascertained 
15 from the following claims. 



Claims 

20 1. Polyvinyl butyra! cross-linked through stable intermolecular dlacetal linkages developed through an 

aldehyde containing at least two aldehyde groups, characterised in that the extent of cross-linking is adequate 
to increase the viscosity of the polyvinyl butyral by about 2% to about 85% over its viscosity in the absence of 
such linkages. 

2. A polyvinyl butyral of Claim 1, wherein the dlacetal linkages are developed through a trialdehyde or a 
25 dtaldehyde containing an aliphatic or an aromatic group or a mbcture of aliphatic and aromatic groups between 

carbonyl groups. 

3. A polyvinyl butyral of Claim 1, wherein the intermolecular linkages are developed through a dialdehyde 
selected from glutaraldehyde. 4,4'{ethyIenedioxy)dibenza!dehyde and 2-hydroxyhexanedlaI. 

4. A polyvinyl butyral of Claim 1. wherein the intermolecular linkages are developed through a trialdehyde. 
30 5. A polyvinyl butyral of Claim 1, wherein the dlacetal linkages are developed through glutaraldehyde. 

6. A sheet of plasticized polyvinyl butyral crossitnked through stable Intemiolecular dlacetal linkages 
developed through an aldehyde containing at least two aldehyde groups, characterised In that the extent of 
cross-linking fs adequate to increase the viscosity of plasticized polyvinyl butyral by about 2 to about 85% over 
its viscosity In the absence of such linkages. 
35 7. A sheet of Claim 6» wherein the diacetal linkages are developed through a trialdehyde or a dialdehyde 

containing an aliphatic or an aromatic group or a mixture of aliphatic and aromatic groups between carbonyl 
groups. 

8. A sheet of Claim 6, wherein the Intermolecular linkages are developed through a dialdehyde selected 
from glutaraldehyde, 4,4'(ethylenedioxy) dibenzaldehyde and 2-hydroxyhexanedial. 
40 9, A sheet of Claim 6, wherein the intenmolecular linkages are developed through glutaraldehyde. 

10. A process for Increasing the viscosity of polyvinyl butyral, which comprises having a dialdehyde or a 
trialdehyde present as cross-linking agent before or during acetalization of polyvinyl alcohol with butyraldehyde 
to cross-link the acetalked product through adjacent polyvinyl alcohol chains, characterised in that the 
crosslinking agent is present at a concentration of about 0.0005 to about 0.20 parts per hundred parts of polyvi- 

45 nyl alcohol. 

1 1. A process of Claim 10, wherein the cross-linking agent is a trialdehyde or a dialdehyde containing an 
aliphatic or an aromatic group or a mixture of aliphatic and aromatic groups between carbonyl groups. 

1 2. A process of Claim 1 1 , wherein the cross-linking agent is a trialdehyde. 

13. A process of Claim 11, wherein the cross-linking agent is selected from glutaraldehyde, 4,4'(ethylene* 
so dloxy) dibenzaldehyde and 2-hydroxyhexanediaI. 

14. A process of Claim 13, wherein the aldehyde is glutaraldehyde. 

15. A process of any of Claims 10 to 14, wherein the polyvinyl butyral contains 65 to 95 weight percent of 
vinyl butyra) units. 

16. A method of forming polyvinyl butyral sheet which comprises : 

55 a. acetalizing polyvinyl alcohol with butyraldehyde in the presence of a dialdehyde or a trialdehyde as cross- 

linking agent to produce polyvinyl butyral resin cross-linked through stable Intemnolecular linkages ; whe> 
r in the cross-linking agent is present at a concentration of about 0.0005 to about 0.20 parts per hundred 
parts of polyvinyl alcohol. 
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b. mixing said resin with plasticizer and other optional additives to form an extrusion formulation ; and 

c. extruding said formulation in melt form through an extrusion opening to form said sheet 

17. A method of Claim 16, wher in the cross-linking agent is a trialdehyde or a dialdehyde which contains 
an aliphatic or an aromatic group or a mixtures of aliphatic and aromatic groups between carbonyl groups. 
5 18. A method of Claim 17, wh rein the cross-linking agent is selected from glutaraldehyde, 4,4'(ethyiene- 

dloxy) dibenzaldehyde and 2-hydroxyhexanedial. 

19. The method of Claim 18 wherein the cross-Unking agent is glutaraldehyde. 



10 AnsprQche 

1. Polyvinyl butyraf vernetzt durch stabile (ntemnolekufare Diacetalverknupfungen. die durch einen Aldehyd 
mit mindestens zwei Aldehydgruppen entwickelt sind, dadurch gekennzeichnet, daR das AusmaR der Vernet- 
zung adaquat 1st, urn die Viskositatdes Polyvinylbutyrals um etwa 2 bis etwa 85% gegenuber seiner Viskosrtat 

15 in Abwesenheit derartiger Verknupfungen zu erhohen. 

2. Polyv/nylbutyral nach Anspruch 1 , in dem die Diacetalverknupfungen durch einen TriaJdehyd oder eInen 
DIaldehyd mit einer aliphatlschen Oder einer aromatischen Gruppe oder einer Mischung von aliphatischen und 
aromatischen Gruppen zwischen Carbonylgruppen entwickelt sind, 

3. Polyvinyl butyral nach Anspruch 1, in dem die intermolekularen VerknQpfungen durch einen DIaldehyd 
20 ausgewahit aus Glutaraldehyd, 4,4'-(Athyfendioxy)-dlbenzaldehyd und 2-Hydroxyhexandiai entwickelt sind. 

4. Polyvinylbulyral nach Anspruch 1, in dem die intermolekularen Verknupfungen durch einen Trialdehyd 
entwickelt sind. 

5. Polyvinylbutyral nach Anspruch 1 • in dem die Diacetalverknupfungen durch Glutaraldehyd entwickelt 
sind. 

25 6. Folie aus weichgemachtem Polyvinylbutyral, vernetzt durch stabile intenmolekulare Diacetalverknupfun- 

gen, die durch einen /Mdehyd mit mindestens zwei Aldehydgruppen entwickelt sind. dadurch gekennzeichnet, 
daB das Ausma& derVemetzung adaquat ist, um die Viskositatdes weichgemachten Polyvinylbutyrals um etwa 
2 bis etwa 85% gegenuber seiner Viskositat in Abwesenheit derartiger Verknupfungen zu erhohen. 

7. Folie nach Anspruch 6, In der die Diacetalverknupfungen durch einen Trialdehyd oder einen DIaldehyd 
30 mit einer aliphatischen oder einer aromatischen Gruppe oder einer Mischung von aliphatischen und aromati- 
schen Gruppen zwischen Carbonylgruppen entwickelt sind. 

8. Folie nach Anspruch 6, In der die Intemnolekularen Verknupfungen durch einen DIaldehyd ausgewahit 
aus Glutaraldehyd. 4,4'-(Athylendioxy)-dibenzaldehyd und 2-HydroxyhexandiaI entwickelt sind. 

9. Folie nach Anspruch 6, in der die intermolekularen Verknupfungen durch Glutaraldehyd entwickelt sind. 
35 10. Verfahren zum Erhohen der Viskositat von Polyvinylbutyral, bei dem ein DIaldehyd oder etn Trialdehyd 

als Vernetzungsmittel vor oder wShrend der Acetalisierung von Polyvinylalkohol mit Butyraldehyd vorhanden 
isU um das acetallslerte Produkt durch benachbarte Polyvlnylaikoholketten zu vemetzen, dadurch gekenn- 
zeichnet, dad das Vernetzungsmittel In einer Konzentratton von etwa 0,0005 bis etwa 0,20 TeHen pro 1 00 Telle 
Polyvinylalkohol vorhanden ist 
40 11. Verfahren nach Anspruch 1 0, In dem das Vernetzungsmittel ein Trialdehyd oder ein DIaldehyd mit einer 

aliphatischen oder einer aromatischen Gruppe Oder einer Mischung von aliphatischen und aromatischen Grup- 
pen zwischen Carbonylgruppen Ist 

12. Verfahren nach Anspruch 11, in dem das Vernetzungsmittel ein Trialdehyd ist 

13. Verfahren nach Anspruch 1 1, In dem das Vernetzungsmittel ausgewihlt Ist aus Glutaraldehyd, 4.4'- 
45 (Athylendk»^)-dibenza]dehyd und 2-Hydroxyhexandlal. 

14. Verfahren nach Anspruch 13, In dem der Aldehyd Glutaraldehyd Ist 

15. Verfahren nach einem der AnsprQche 10 bis 14, in dem das Polyvinylbutyral 65 bis 95 Gew.% Vinyl- 
butyral einheiten enthalt 

16. Verfahren zum Herstellen einer Polyvinylbutyralfolie, das umfaSt : 

so a. das Acetalisieren von Polyvinylalkohol mit Butyraldehyd in Anwesenheit eines Dialdehyds oder elnes 

Trialdehyds als Vernetzungsmittel zum Bilden von Polyvinylbu^ralharz, das durch stabile intenmolekulare 
Verknupfungen vernetzt ist, wobei das Vernetzungsmittel in einer Konzentratlon von etwa 0,0005 bis etwa 
0,20 Teilen pro 100 Telle Polyvinylalkohol vortianden 1st 

b. das Mrschen des Harzes mft einem Welchmacher und anderen gegebenenfalls mdgfichen Additlven 
55 unter Bildung einer Extnisionsformulierung und 

c. das Extrudieren der Formulienjng In Form einer Schmeize durch eine Extrudler6ffnung unter Bildung 
der Folie. 

1 7. Verfahren nach Anspruch 1 6, in dem das Vernetzungsmittel ein Trialdehyd oder ein DIaldehyd mit einer 
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allphatischen Oder einer aromatischen Gruppe oder einer Mischung von aliphatischen und aromatlschen Grup- 
pen zwischen Carbonylgruppen ist 

18. Verfahren nach Anspruch 17. in dem das Vernetzungsmlttel ausgewahit ist aus Glutaraldehyd, 4,4'- 
(Athylendioxy)-dibenzafdehyd und 2-Hydroxyhexandial. 
5 19. Verfahren nach Anspruch 1 8, In dem das Vemetzungsmittel Glutaraldehyd ist. 

Revendications 

10 1 . Butyra! de polyvinyle r6ticul6 par des liaisons diac6tal intennol^culaires stables stabiles grSce d un alde- 

hyde contenant au moins deux groupes aldehyde* caract6ris6 en ce que le degr^ de reticulation permet d'aug- 
menler la viscosity du butyral de polyvinyle d'envlron 2% d environ 85% par rapport ^ sa viscosity en I'absence 
de ces liaisons. 

2. Butyral de polyvinyle selon la revendication 1. dans lequel les liaisons diac6tal sont ^tablies par Pinter- 
15 m6diaire d'un triald6hyde ou d'un diald6hyde contenant un groupe allphatique ou un groupe aromatique ou un 

melange de groupes allphatiques et aromatiques entre des groupes carbonyle. 

3. Butyral de polyvinyle selon la revendication 1, dans lequel les liaisons intermolSculaires sont ^tablies 
par un diald6hyde choisi panmi le glutaraldfehyde. le 4,4'(6thylSnedloxy)dibenzald6hyde et le 2-hydroxyhexa- 
nedial. 

20 4. Butyral de polyvinyle selon la revendication 1 , dans lequel les liaisons lntennoI6culaires sont stabiles 

par un triald6hyde. 

5. Butyral de polyvinyle selon la revendication 1, dans lequel les liaisons diac6tal sont 6tablies par du glu- 
* tarald6hyde. 

6. Feuille de butyral de polyvinyle plastifid r6ticui6 par des liaisons diac^tal intenmoISculalres stables dtablie 
25 par un aldehyde contenant au molns deux groupes aldehyde, caractSrisSe en ce que le degr6 de reticulation 

est adequat pour augmenter la viscosity du bufyral de polyvinyle plastifid d'envlron 2 d environ 85% par rapport 
^ sa vlscosite en Tabsence de ces liaisons. 

7. Feuille selon la revendication 6, dans laquelle les liaisons diac6tal sont 6tablies par un triald6hyde ou 
un diald6hyde contenant un groupe aliphatique ou un groupe aromatique ou un nn61ange de groupes aliphati- 

30 ques et aronnatiques entre des groupes carbonyle. 

8. FeuOle selon la revendication 6, dans laquelle les liaisons interniol6culaires sont stabiles par un diaid^- 
hyde choisi panni le glutarald6hyde, le 4,4'(6tl^l6nedloxy) dibenzaldfihyde et le 2.hydroxyhexanediaI. 

9. Feuille selon la revendication 6, dans laquelle les liaisons inteimoieculaires sont etablies par du gluta- 
raldehyde. 

35 10. Proc6d6 pour augmenter la viscosity du butyral de polyvinyle qui comprend le fait d'avoir un diald§hyde 

ou un triald6hyde present comme agent de reticulation avant ou pendant I 'acetalisation de Talcool polyvinylique 
avec du butyraldehyde pour r6ticuler le prodult ac6talise par rinterm6diaire de chatnes d'alcool polyvinylique 
adjacentes, caracterls6 en ce que Tagent de reticulation est present d une concentration d'envlron 0,0005 d 
environ 0,20 partie pour 100 parties d'alcool polyvinylique. 

40 11. Precede selon la revendication 10, dans lequel I'agent de reticulation est un triaidehyde ou un dlalde- 

hyde contenant un groupe aliphatique ou aromatique ou un melange de groupes allphatiques et aromatiques 
entre des groupes carbonyle. 

12. Precede selon la revendication 11, dans lequel I'agent de reticulation est un trlald6hyde. 

1 3. Precede selon la revendication 1 1 , dans lequel I'agent de reticulation est choisi panml le glutaraldehyde, 
45 le 4,4'(ethyienedioxy)dibenzaldehyde et le 2-hydroxyhexanedlal. 

14. Precede selon la revendication 13, dans lequel I'aldehyde est le glutaraldehyde. 

15. Proc6d6 selon Tune quelconque des revendications 10 d 14, dans lequel le butyral de polyvinyle 
contient 65 d 95% en poids de motifs butyral de vinyle. 

16. Precede de formation d'une feuille de butyral de polyvinyle qui comprend : * 
so a. racetalisation de ralcool polyvinylique avec le butyraldehyde en presence d'un dialdehyde ou d'un triai- 
dehyde comme agent de reticulation pour produire une resine de butyral de polyvinyle reticuiee par des 

liaisons intermoieculaires stables ; dans laquelle I'agent de reticulation est present ^ une concentration * 
d'envlron 0,0005 d environ 0,20 partie pour 100 parties d'alcool polyvinylique ; 

b. le melange de cette resine avec un plastifiant et d'autres addltifs facultatifs pourfomier une formule 
55 d'extmsion ; et 

c. rextmsion de cette fonmule sous forme de masse fondue k travers une ouverture d'extrusion pour former 
cette feuDle. 

17. Procede selon la rev ndicatlon 1 6, dans I quel I'agent de reticulation est un trialdehyd ou un dialde* 
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hyde qui contient un groupe aliphatique ou un groupe aromatique ou un melange de groupes aliphatiques et 
aromatiques entre les groupes carbonyle. . 

1 8. Proc6d6 s Ion la rev ndication 17, dans lequel I'agent de reticulation est choisi parmi le glutarald^hyde, 
le 4,4'{6thyl6nedloxy)dlbenzald6hyde et le 2-hydroxyhexanedial. 
5 19. Proc6d6 selon la revendicatlon 18. dans lequel I'agent de reticulation est le giutaraid^hyde. 
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